SUMMARY This study determined the incidence and concentration of methane-producing bacteria in tap water enema samples of 130 individuals taken before sigmoidoscopy. The number of subjects classified in five major colonic groups were as follows: normal colon 36, diverticulosis 57, inflammatory bowel disease 11, colon polyps 34, and colon cancer 11. Some patients were placed in more than one category. Ninety four of the subjects or 72% had methanogenic bacteria ranging in concentration from 6 to about 3 x 1010/g dry weight of faeces.
methanogenic bacteria ranging in concentration from 6 to about 3 x 1010/g dry weight of faeces.
The predominant methanogen in all groups was Methanobrevibacter smithii. Chi-square analysis showed that the incidence of methanogens in concentrations of 107/g dry weight of faeces or greater in patients with diverticulosis (58%) was significantly greater than in normal patients (25%). High methanogen concentrations are associated with excretion of methane in the breath.
Studies by Bond et all showed that methane in man is produced by bacteria in the colon and indicated that most methane production occurs in the left colon. Methane is not metabolised further in man. It was estimated' that 20% of that produced is excreted through the lungs and that the remainder is passed as flatus. Miller and Wolin2 3 showed that the predominant methane producing organism in humans is Methanobrevibacter smithii. It produces methane by using hydrogen to reduce carbon dioxide. This organism remains at about the same concentration in the faeces of individuals studied over a period of 10-13 months. 4 Thirty to 61% of adults excrete methane in the breath. -9 Breath methane is established in individuals between the ages of two and 10.1 Unlike breath hydrogen, breath methane does not usually increase when methane producers are given a non-absorbed carbohydrate.' 1(0 Breath methane does, however, increase in producers with high endogenous methane production after they are given a large dose of a non-absorbed carbohydrate.6 r-1 12 '4 did not show this association. Other studies have reported the incidence of methane in the breath, but there has been no previous study to compare the incidence and types of methanogenic bacteria in normal subjects with those with large bowel disorders, nor has an attempt been made to correlate breath levels of hydrogen and methane with the number of methanogenic organisms per gram dry weight of stool (gdw). In this study, the incidence, concentration, and types of methanogenic organisms as well as concentrations of total viable anaerobic bacteria were determined in a population that presented for sigmoidoscopy. Breath levels of hydrogen, methane, and carbon dioxide were determined in 48 consecutive patients who agreed to a breath test. Priestly-Haldane'7 tube 167 cm long with an inside diameter of 1-27 cm. A one way valve placed at the mouth end prevented inhalation through the tube. A 30 cc syringe fitted with a Teflon gas valve immediately beyond the one way valve was used to aspirate the breath sample at the end of exhalation. Breath samples were analysed within three hours for hydrogen using a Gow-Mac Series 550P thermal conductivity gas chromatograph (Bound Brook, NJ) with a 1-8 m by 1 cm stainless steel column packed with 60/80 mesh silica gel (Alltech Associates, Inc., Deerfield, IL 60015). The carrier gas was argon at a flow rate of 20 ml/min. The operating conditions were as follows: (1) Breath methane concentrations were measured using a Perkin-Elmer gas chromatograph (Norwalk, CT) with a flame ionization detector. A 18 m by 1 cm stainless steel column packed with molecular sieve 5A-60/80 mesh (Alltech Associates, Deerfield, IL) was used. The carrier gas was nitrogen with a flow rate of 70 ml/min. Operating conditions were as follows: (1) detector and injector temperature=175°C; (2) Room air methane concentrations in the enema room where breath samples were collected were consistently between 0 18 and 0 22 Ftmol/l with an occasional value between 0 22 and 0-27 imol/l. Room air in the gas chromatography laboratory was consistently between 0 09 to 0-18 itmol/l. A background level of 0-27 itmol/l was subtracted from the breath methane levels reported here.
Results
Methanogenic bacteria were detected in 72% of the total population with no significant differences between any of the colonic classification groups. There was, however, a significant difference in the percentage of subjects with high methanogen concentrations in the diverticulosis group as compared with other subjects and normal subjects. There was also a significant difference in the means of the log concentrations of methanogens between diverticulosis subjects and others and normals (Table 1 ). In the normal group, 25% of the subjects had concentrations of i07 or more methanogens/gdw, whereas 58% of the diverticulosis group had 107 or more methanogens/gdw. Using x2 analysis, this difference was significant with a p value of 0-01. Comparing the incidence of methanogens in concentrations of 107 or more per gdw in all subjects without diverticulosis (29%) and those with diverticulosis (58%) using x2 analysis, the difference is significant with a p value of 0 001. No significant difference in the percentage of subjects with concentrations of methanogens of 107/gdw or greater was found between any of the When all subjects were considerec was a trend for older patients I methanogen concentrations ( (Table 3 ). A few subjects had exceptionally high concentrations of breath methane in relation to methanogen concentrations and a few had exceptionally low (undetectable) concentrations.
Discussion
The percentage of methanogen positive individuals in our study is much higher than the 30% to 61% of breath methane positive individuals found in normal populations. The lower percentage found in breath methane studies is probably because of the lack of sufficient methane production by low concentrations of methanogens for detection by analysis of breath samples. Approximately 108 organisms/gdw are necessary to produce sufficient methane for detection by breath analysis.
The only apparent difference in the distribution of methanogen concentrations was between subjects with diverticulosis and the other colonic classification groups. The predominant methanogen in all groups was M smithii. There was no indication that any of the colonic classifications were related to the establishment of a different species of methanogen in the large bowel. There are a relatively large number of phylogenetically diverse species that can produce methane from hydrogen and carbon the t tcst; p=0 001. dioxide like M smithii, 1 but none of these other species were detected in any of the subjects.
The higher percentage of diverticulosis subjects with high concentrations of methanogens probably does not represent an aetiological relationship. Some subjects with diverticulosis do not harbour high concentrations of methanogens and some subjects with high concentrations do not have diverticulosis. It is likely that the trend of higher concentrations of methanogens in older patients is related to the increased prevalence of diverticulosis in older patients. A possible explanation for the increased frequency of high concentrations of methanogens in subjects with diverticulosis is that diverticula may provide an especially suitable environment for the growth of methanogens. This could occur by the entrapment of hydrogen gas and preferential conversion to methane as opposed to the loss of hydrogen in flatus. Or, the diverticula may provide a sheltered niche where the slow growing methanogens are not swept away and where symbiotic relationships with hydrogen producing organisms may occur. Most of the methane produced in the large bowel is formed according to the equation:
The results of Bond et all indicated that methane production occurs primarily in the left colon and that hydrogen is produced primarily in the right colon. Since diverticulosis is primarily a left sided colonic disorder, accumulation of hydrogen in diverticula could lead to increased growth of methanogens in the left colon with increased methanogenesis and decreased loss of hydrogen in flatus. Alternatively, hydrogen produced in the left colon may be rapidly converted to methane, thus making it appear that the majority of hydrogen is produced in the right colon. Methane production in the large bowel is a balance between rates and total amounts of hydrogen formation by non-methanogenic bacteria, rates and total amounts of methane production by methanogenic bacteria and the rate and amount of physical removal of hydrogen in flatus and by absorption into the blood. In the present study, subjects with breath methane always had breath hydrogen, suggesting that the rate of methanogenesis is never sufficient to completely compete with physical removal of hydrogen, or that some hydrogen is produced without methanogens nearby to convert it to methane. This is also supported by reports that ingestion of non-absorbed carbohydrates caused increases in hydrogen production without or with accompanying increases in breath methane. 6 7 1(1-12 It has been suggested that methanogen growth and methane production depend mainly on hydrogen produced from endogenous substrates.1'" Studies of a colostomy patient showed that an anaerobic flora and methanogens can be sustained in the colon in the absence of a normal faecal stream.2' Bursts of hydrogen from nonabsorbed carbohydrates may exceed the capacity of the methanogenic biomass to produce methane because the rate of increase in biomass necessary to convert 'exogenous' hydrogen is much slower than the rate of physical removal of hydrogen. The large intestine ecosystem differs from that of the rumen and anaerobic sewage digestors where massive amounts of methane are produced from hydrogen without any significant accumulation of hydrogen.22
If it is assumed that the total faeces excreted per day contains the methanogens necessary to produce the amount of methane excreted each day, it is possible to estimate the concentration of methanogens necessary to produce reported daily methane excretion based on the amount of methane produced in association with the growth of methanogens 23 [5] [6] [7] [8] [9] In the present study, 40% of all subjects were in the range of 1 x 1(7 to 3x 101() methanogens/gdw faeces and 30% of all subjects but 3x108 to 3x 1O0' methanogens/gdw.
The percentage of the total population that we examined that harboured some detectable concentration of methanogens was 72%. The lowest concentrations were detected in enrichments that were prepared from 10-' dilutions of already dilute enema samples. It is probable that almost all individuals harbour M smithii, albeit some with extremely low concentrations. McKay et at9 postulated that all healthy subjects may produce methane but only those with sufficient production have detectable breath levels. We speculate that development of high concentrations of methanogens depends on a continuous supply of high concentrations of hydrogen from exogenous or endogenous sources that exceeds the capacity of mechanisms for physically removing hydrogen. The latter processes may be inhibited by physical factors that increase retention of hydrogen in the large bowel such as diverticulosis, colonic motor disorders or tumours and thus lead to high concentrations of breath methane. The 
